how one man who cannot hear the watch makes progress, while another may be very stupid. Is there any standard ? I am thinking of listeningposts. The second question is, what are we to do with those who have suppuration of the middle ear ? Must we send them to the Front or not ? My friend Mr. Kisch, who was in Boulogne for a long time, said that no man who had even had a radical mastoid operation should be sent to the Front. But I think that is carrying it too far. I showed a case, about sixteen years ago, in which I had preserved a cholesteatomatous membrane. The patient disappeared until last year, when he came back as a stalwart sergeant, who had been all through the War, and it was only discovered that he was deaf in one ear when he got injured in the other. Another case was that of a boy whom I showed here, who had suppuration of the middle ear. I opened a cerebellar abscess and the bulb of the jugular vein. He has been eighteen months in the War as a driver of the R.F.A.
I have spoken at this length about these things because there are some cases about which I feel a difficulty, and I shall be glad if other members can help me.
[Major SHUTER: Was the upper limit of audition taken by Dr. Grant by air conduction, or by bone conduction? And with what instrument ?] Dr. DUNDAS GRANT: I take it with as good a specimen of Galton's whistle as I can get-the original whistle. It does not go as high as the monochord. I exclude as far as possible the function of the opposite ear. It indicates the hearing for a closed pipe of so many millimetres in length, and if the hearing is P5, 1P8 or 2, I pass the case as one of good preservation. I think that whistle is sufficient for all clinical purposes.
Dr. C. E. JONES-PHILLIPSON.1 I hope I may be permitted a few remarks as onae who has looked after the ear cases for the Third Army, having been doing that work for nine months. I had the good fortune to be located at Stationary Hospital No. 12, where the Surgeon-General concentrated ear work, allocated forty-four beds (indoor), and gave out-patient accommodation for eighty. All the work of the Third Army was passed through this Department, and I made notes of 1,172 cases examined during that period. As will be seen from the abstract I analysed 100 cases of war injury of the ear, in which there were thirty-one cases of lacerations. I saw all my cases within twenty-four to thirty-six hours of their coming out of the trenches, some on the day of receiving the wound. A previous speaker, and a part of the President's address, laid no particular stress on the site of the laceration, but from my cases I regard that as very significant. In thirty-one cases the laceration occurred in the anterior-inferior quadrant in twenty; in the posteroinferior quadrant in six; in the inferior quadrants-i.e., between the two-in one; in the umbo in two; in the posterior quadrants across the two in one; in the antero-superior quadrant in one. It has also been asked whether any note had been made of rupture of the membrana flaccida. I had such a case, which is noted under the head " blood in the middle ear." No. 31 had a ruptured membrana tympani in the antero-superior quadrant, high up. There was a slow oozing of sero-sanguineous discharge for several days. Patient went to the base shortly after, and I thought it possible he had a fracture through the tegmen. He also had pains in the back of his neck and over the mastoid, and his face had been well peppered with fragments. I had four other cases of distinct blood-clot in the middle ear. In the case mentioned it was with rupture of the membrana tympani, in another without. The patient volunteered the information that he could taste blood in his mouth, and I thought it came through the Eustachian tube; I could not see it by posterior rhinoscopy.
Many also volunteered the information that they were knocked out or were unconscious, some remaining so for one or two hours. I had this verified in many cases. After this state had passed off the men were in a dazed condition, and often could not walk unassisted. The more profound cases had lost the power of speech, and two or three of the cases could not see. The major conditions often passed off fairly quickly, leaving dizziness and giddiness, which lasted for a long time. These cases I examined with great care. I found they showed a horizontal or rotatory nystagmus on turning the eyes to either side; I do not mean on turning the eyes to the extreme degree permitted by the orbit, because it will be produced in anyone by that means. In this connexion I instance cases No. 23, 47, 48, 52, 56, 78, 83 . It should be noted which side was most affected by the explosion. When it occurred on the parapet in front of the patient, he has a double, right and left, spontaneous horizontal nystagmus, or right or left according to the side affected.
One more little matter I would like to bring before you has reference to caloric tests. They require very much more water to prove a functionating or non-functionating labyrinth in the cases at the Front than in civil life, because these ears have been profoundly disturbed. You cannot tell whether a labyrinth is functionating unless you continue your test with hot or cold for three times as long as normal. In only two of my cases out of 100 did I find the caloric test brought no response-namely, Nos. 85 and 86. In these two cases I used as much as two and three quarts of water; they had intact membranae tympani. Those were the cases which were most profoundly affected, both in regard to tuning-fork reactions and in response to the caloric test. The nystagmus varied-it was definitely "there " in all except Nos. 85 and 86-often very quick and feeble or very slow and feeble. In one case the nystagmus was very coarse, only comparable with the movements of the pendulum of a big clock-slow, with long excursions. In a few the nystagmus was quickly induced and very violent. The patient looked deadly pale, with extreme giddiness, faintness, and vomiting; in two the effect was so prolonged that the cases were unable to return to the ward for fifteen to twenty minutes.
With regard to movements produced by caloric tests, I do not wish to be understood to say that every case requires to be tested with a large amount of water to prove function of the labyrinth, but some labyrinths are profoundly depressed by the concussion, and are only slowly responsive. There are cases in which there is extreme activity, -as in that of the lieutenant I have mentioned.
AN ANALYSIS OF 100 CASES OF WAR INJURIES OF THE EAR.
The War has afforded the opportunity to further the knowledge of injuries to the internal ear. Many obstacles are in the way, and much valuable information will not be recorded.
(1) Many cases were not examined owing to the severity of other injuries; these were principally head cases under the care of surgical specialists, and one was reluctant to propose an examination and do -the necessary tests, which might have produced disturbance and perhaps have retarded the progress of the case.
(2) Post-mortem evidence of damage to the' internal ear might have been found, but these evidences would have been unaccompanied by definite symptoms complained of by the patient, as these eases were nearly always comatose.
(3) The transfer from firing line to base, and base to England, often quickly and always unexpectedly carried out, prevented me from repeating tests at intervals, and I was seldom able to watch a case for longer than fourteen days.
(4) The difficulty in tracing these cases later and in obtaining anything of value in the replies when obtained.
(5) In a hurriedly recruited army large numbers of men start military life as practically deaf men, and the increased loss said to be due to shell concussion can never properly be gauged.
External Ear.
Various degrees of laceration of the external ear are commonly seen-slits, perforations, or nearly complete severance of the auricle. They healed well and quickly. Two cases of severe perichondritis of the auricle with abscess formation were seen. Three cases of external ear injuries are here recorded showing no middle or internal ear damage.
(1) Private R. R. Cleaning up a billet by sweeping rubbish into a fire, a cartridge was swept in and exploded. A portion of the "fang" of the cartridge case went into the external auditory canal and was impacted there. There was no injury to the membrana tympani-merely an abrased canal.
(2) Private H. R. Bullet entered at the posterior border of left mastoid process, say i in. from tip, above and behind it; opening seen in pharynx about 1 in. to mesial side of posterior pillar of left fauces, passed obliquely across the nasopharynx, striking posterior end of right middle turbinate and out of right eye. Right antrum was full of blood and right eye destroyed.
(3) Private P. W. P. An aerial torpedo burst and wounded him deeply at the back of the neck, behind right ear and lower jaw. Wound extended from the base of right mastoid process to centre of right sternomastoidposterior five-sixths of origin of right sternomastoid destroyed-anterior onesixth remains. Recurrent paralysis of right cord, complete paralysis of right half palate; affection of lower half of facial, and of cervical and brachial plexus; X-ray showed fragments of shell deep down against cervical vertebra.
Notes of over 100 ear cases were made of patients who definitely attributed their deafness or increased deafness to the effect of " guns," " explosions," " bombardment," "being buried." An examination of the ears, nose, and nasopharynx was made in each case. Seventy per cent. of the cases examined showed pre-existing ear, throat and nose conditions: defects due to otitis media suppurativa, 34; defects due to C.D.C., 22; defects due to nose and nasopharynx, 17. In no case was the nasopharyngeal airway considered faulty or worth noting unless it was a distinct abnormal condition as shown by nasal obstruction, due either to deflected septum plus turbinate hypertrophy -hypertrophy of the turbinates alone-adenoids alone or in conjunction with one or other of the former, and could be considered as a predisposing cause to a diseased condition of the ear. It is my intention to compare the effects of explosion on the membrana tympani, middle ear, and internal ear: (1) In normal conditions; (2) in diseased and predisposing conditions.
Lacerations of the membrana tympani were seen in thirty-one cases: in normal conditions, fifteen; in diseased and predisposing conditions, sixteen.
Lacerations in pre-existing conditions are accounted for as follows: Conditions of nasal obstruction, three; conditions of otitis media suppurativa, healed by scar, five; conditions of C.D.C., four; conditions of nasal obstruction and adenoids, one; conditions of nasal obstruction and otitis media suppurativa, one; conditions of otitis media suppurativa, with loss, one; conditions of adenoids, one.
Site of laceration in total number of thirty-one cases: anterior inferior quadrant, twenty; posterior inferior quadrant, six; inferior quadrants, one; umbo, two; posterior quadrants, one; anterior superior quadrant, one.
Laceration of membrana tympani: (a) intact membranes, twentyfour; (b) with loss or scar, seven.
HIamorrhages into membrana tympani (intra-membranous): (a) intact membranes, sixteen; (b) with loss or scar, six.
Lacerations were irregular, tears or flaps. Their edges were always swollen and red. They did not heal well in the large majority of cases. The edges or much larger portions sloughed, especially when the laceration was flap-like. Many cases were seen within twenty-four to thirty-six hours of the damage. The parts were gently syringed with lot. bor.-or lot. hydrogen peroxide -10 vol. solution diluted four times with hot water, and a hot alkaline nasal wash prescribed. The surrounding ear parts were painted with tinct. iodi and 3 or 12 per cent. glyc. acid carbolic drops into ear, calomel, mist. alba and the patients were kept in bed.
A subacute or acute otitis media, followed by suppuration, was present in the majority. When we know that very few wounds received in this war heal by first intention, such healing cannot be expected in ear cases, which are extremely dirty in the majority of cases. Intra-membranous haemorrhages frequently sloughed and led to similar conditions. Blood ini the Middle Ear (vide Nos. 39, 56, 60 & 76) .
Four cases of firm blood-clot in the middle ear were seen, bulging the membrane outwards. In one instance the membrane was quite intact, the clot could be distinctly felt, and the membrane bulged over it as three air bulbs. In two of these cases the patient reported that blood came into his mouth, and that he could taste it, but it was not observed by posterior rhinoscopy.
No. 39.-Private T. L. Deafness since childhood; running ears; had acute pain in left ear. When on the battlefield he was in charge of the watercart, and slept only 10 yards from the big guns. He complained of increased deafness and pain. There was blood-clot in the right posterior quadrants, and the left membrana tympani appeared as three air sacs covering a blue blood-clot; no perforation nor discharge, and it could be felt by a probe.
No. 56.-Private G. L. Had running ears when a child. Trench mortar shell burst near him and he was buried. Head became very giddy, with singing noises; he was like a drunken man; had staggering gait which passed off. On the right there were three intra-membranous blood patches; on the left a laceration, posterior inferior quadrant, and the middle ear was full of blood-clot. There was a very marked spontaneous horizontal nystagmus to left and also to right. His labyrinth right and left was hyper-excitable; his responses to the rotatory and caloric tests to right and left were easily produced and were normal but exaggerated. The tuning fork Cl could not be heard by air conduction and was shortened negative right and left. Fork 02 shortened negative right and left. Fork 04 very short right and left.
No. 60.-Gunner S. S. A "Minnie" exploded 20 yards to the left of him causing deafness in right and left ears, and noises and discharge of blood from the left. On the right there was a flap laceration, anterior inferior quadrant of the membrana tympani; the left was bulged, bluish-red. There was a middle-ear blood-clot, and a laceration at the anterior inferior quadrant.
The labyrinthine tests, rotatory and caloric, were both feeble. Cl, C2, C4, forks were all shortened, very short on the left.
No. 76.-Private H. B. Was cleaning the trench boards in a stooping position when a shell burst over him. There were shrapnel wounds of the face. He complained of left deafness; bleeding; giddiness; fainted at the time. On the left there was a laceration at the anterior inferior quadrant, an intramembranous hemorrhage, and blood-clot in the middle ear. The rotatory tests produced a very brisk after nystagmus. The caloric tests right and left gave normal response, but hot irrigation of the left ear producedthe tendency to fall to the right; hot irrigation of the right ear the tendency to fall backwards; patient became very pale and vomited violently. Cl, 02, 04 all heard short right and left, especially 0. Weber to right.
In No. 31, with ruptured membrana tympani in anterior superior quadrant, high up, there was a slow oozing of sero-sanguineous discharge for several days (August 13, 1916 , to August 21, 1916 . He went to the base on August 22, 1916. I thought he possibly had a fracture through the tegmen tympani. He had, in addition, pains in the back of the neck and over the mastoid; his face had been well "peppered."
In No. 63 the left membrana tympani was bluish-red. ILaceration at site of inferior quadrant; strands of tissue could be seen crossing the laceration; blood was exuding. The right membrana tympani had a calcareous patch at the same site. This may be an instance of a calcareous patch, the weak spot of a diseased membrane, having been driven in by the force of explosion.
The frequency of the complaint, " recurrence of discharge following shell concussion" in old conditions of otitis media suppurativa which have been dormant for years, seems more than a coincidence. The discharge in these recurrences, and following recent lacerations, was noticed in most instances on the third day.
Analysis of Symptoms.
In order of frequency:-(1) Deafness, increased deafness, " dullness in ears." (2) Noises in great variety (singing, buzzing, hissing, straining, thumping, bells, throbbing, ticking).
(3) Giddiness, dizziness, " dazed." (4) Pain-soon passing off.
(5) Bleeding, at the time, or noticed soon after. (6) Staggering gait, inability to walk, unconscious, dumbness, blindness.
Deafness was very marked soon after the explosion, always most on the side exposed to the full force; when the shell burst in front or behind a patient, both ears were affected. Patients who had been buried seem to have suffered more than others. The initial degree of deafness following the concussion soon passed off. The noises were often noticed only later, after the first degree of deafness had passed off. It was not often that increase in deafness was stated; as a rule, only the addition of noises to the previous condition. When the hearing showed further marked improvement, the persistence of the noises was a common complaint. Some patients reported being unconscious for from one to two hours; then feeling in a dazed condition, inability to walk unassisted, staggering gait; others that they lost the power to speak, or could not see. All these maximum conditions appear to pass off quickly; the lesser conditions, giddiness and dizziness, were complained of for seven to ten to fourteen days-anyway while under observation. These cases showed a horizontal or rotatory nystagmus, or turning eyes to the right or left. It must be noted whether both right and left sides were likely to have been affected at the time, or right or left only. It will be noticed that when both sides are affected there was a nystagmus to the right and left, when one side was affected there was a nystagmus to the opposite side. (Vide Nos. 23, 47, 48, 52, 56, 78, and 83.) Spontaneous Nystagmus. In the following seven cases giddiness and dizziness were complained of No. 23.-Rifleman F. J. S. This man has old losses of right and left membranae tympani. He complained that gunfire caused extreme giddiness, followed by sweating and vomiting. He had a horizontal nystagmus on right and left sides. The rotatory and caloric tests showed a hyper-excitable condition of the right and left labyrinths. The forks were not badly heard. Rinne was negative right and left for G0, and C0 was normally heard right and left.
No. 47.-Private A. W. Deaf since a child; slept near the guns. The continual noise increased his deafness and caused buzzing noises and giddiness. He had a horizontal nystagmus right and left. Tuning forks C, and 04 were shortened, 02 practically normal.
No. 48.-Private M. Y. Had gunshot wound in right leg due to bomb explosion; deafness on left, straining noises, and giddiness. His membranae tympani showed a condition of chronic dry catarrh. Thete was a rotatory nystagmus to the right. All the tuning forks were shortened on the left; Weber to right.
No. 52.-Lieutenant B. C. A. High-explosive shell burst a few yards from him, over him but more towards his left; he was stunned. Deaf right and left, noises in the head and pain for thirty-six hours. Both membranae tympani were red. No sign of pre-existing disease. He has a spontaneous rotatory nystagmus to the left and horizontal nystagmus to the right. The rotatory and caloric tests showed a hypo-excitable condition of the labyrinth on right and left, the response was only a feeble one. The tuning forks for C, and C0 were much shortened, C2, although short, much less so in comparison. At the end bf a week the right and left nystagmus had gone, C, and C2 were now very slightly shortened; C, was still very short. The noises were much less, but present; giddiness had passed off.
No. 56.-Previously mentioned.
No. 78.-Lance-corporal J. B. A shell burst about 4 ft. from him, made him light-headed, and deaf in both ears. Was very giddy. Deafness to a large extent passed off. There was a laceration in posterior quadrant and discharge of pus, which had come on since the explosion five days ago. There was a horizontal nystagmus to the right and left. The tuning forks C,, C2, C, were all heard better on the right; on the left they were all short. Weber lateralized to the right.
No. 83.-Private C. B. Increased deafness, following the bursting of a shell twenty yards from him: previously deaf for years. There was a loss of membrana tympani in the left, and the membrane was red. The right membrana tympani was intact. Spontaneous horizontal nystagmus to right and left. The rotatory test to the left was normal; rotatory to the right, exaggerated response. Caloric to left normal; caloric to right, feeble response. All the forks were heard short on the left.
In the following cases the symptom giddiness was not complained of; two complained of feeling "dazed." In all a nystagmus was present. I regret in many instances I omitted to record whether a nystagmus was present. In " Experimental Physiology of the Semicircular Canals in the Dog-fish," l the following statement appears: " Pressure on an ampulla causes movements of the eyes and fins such as would occur normally if the animal's body were rotated in the plane of' the canal stimulated." Consider also the rotatory test, which is mechanical stimulation of the ampulla. 
Analysis of Shell Concussion Effects on the Internal Ear.
The membrana tympani is of much greater area than that of the fenestra ovalis. The ossicles convey the vibrations from the large area to the small; much greater force must therefore be applied to the small area. We should expect different effects on the internal ear if the full force has been transmitted to the fenestra ovalis, the membrana tympani having withstood the force of concussion, and a less effect if the membrana tympani has been lacerated, much of the force being lost; and in cases of otitis media suppurativa with large losses, where the remains of the membrana tympani and the diseased condition of the contents of the middle ear have been much minimized in value as transmitters. I shall select cases falling into the three classes, and then consider the effects.
(A) Membranta Tymipani remnained intact. Taking the cases collectively the forks C1, C1, C4 are generally shortened on the side most affected, or equally on right and left if both have been equally exposed. The tone area for C4 is certainly the most affected. There is at times marked shortening for C1 and C4 in comparison with C2. Again, C1 and C2 may be normally heard and C4 at very short distance. Weber lateralizes to the side least affected, and though both right and left were seriously disorganized in Nos. 85 and 86, there was lateralization to the side on which the forks were still faintly and shortly audible. In No. 73, Weber C2 lateralized to a side-the sides having equal acuity. In No. 59, Weber lateralized to a side-very defective although the opposite side was normal. On performance of Weber test with the two forks C, and C2-in some cases the former would lateralize to one side and the latter to the other, or C1 would lateralize and C2 not do so-and vice versa.
Caloric tests: Very much more water, either hot or cold, was required in performing the labyrinth tests as compared with amount usually required for functionating in normal cases. Two quarts and more had often to be used before a response was noticed. The nystagmus varied very much, but it was definitely present in every case except Nos. 85 and 86. It was often very quick and feeble, this was the common one-or very slow and feeble-in one case the nystagmus was so coarse in its movements, I can only compare them to the movements of the pendulum of a big clock, slow with long excursions. In a few cases the nystagmus was quickly induced and very violent. In these cases the patient looked deadly pale, with extreme giddiness, faintness, and vomiting; in two the effect was so prolonged the cases were unable to return to their ward for fifteen to twenty minutes.
The rotatory and caloric tests corresponded in their effects except in a very few instances, notably No. 83.
It is evident that certain parts of the organ of Corti are often more seriously damaged than others, and that the labyrinth may be rendered hypo-or hyper-excitable. Anyway, its normal equilibrium is much altered. It is evident that most effect on the internal ear is produced through an intact membrane, and one which stands the force of the explosion; also that the effect is less when the membrana tympani lacerates, and still less in the conditions of previous loss of membrana tympani.
Cautsation and Progqzosis.
Shell concussion deafness is possibly due to three contributory factors:-
(1) Cerebral concussion.
(2) Overstrain and fatigue of the organ of Corti: the former being due to violent oscillations of the perilymph communicated to the organ of Corti, and the latter to continuous violent noises or explosions at close quarters.
(3) Temporary or permanent disorganization of the conductive apparatus.
The prognosis depends on the recovery of these parts.
(1) The patient experienced a great shock and was, in many instances, buried. He became suddenly deaf, and often dumb also. In other cases, he could not see, or had paresis of arm, leg, or both legs. Here the higher centres were temporarily involved. One watched the almost sudden improvement in hearing in a few days as shock passed off, and the disappearance of nervous symptoms generally when the patient was removed from the firing line.
(2) A portion of deafness remains to be more or less slowly recovered from by the return of the internal ear to a normal or nearly normal condition.
(3) Structural damage must leave a permanent imperfection of function-a ruptured membrane; a dislocation, partial or complete, of the small bones from one another, or the stretching of their attachments to the tympanic wall. These, in other larger but similar conditions, are only slowly recovered from, if ever in many instances. I am able to quote from cases seen three or four months later, showing a great recovery of hearing. The loss in these cases was practically due to the macroscopic structural damage, and the frequent sequela, chronic otitis media suppurativa, but from the information gained from the cases I have seen, I believe that shell concussion deafness is, to a large extent, temporary and curable.
